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JOURNAL ARTICLE
Ki(ng) in the north: Effects of duration, boundary, 
and pause on post-nasal [ɡ]-presence
George Bailey1,2
1 University of Manchester, UK
2 University of York, UK
george.bailey@manchester.ac.uk
This paper highlights a hitherto unreported change in progress among northern speakers of 
British English, with increasing post-nasal [ɡ]-presence in words like sing or wrong pre-pausally. 
The factors that condition this innovation are unclear due to collinearity between various 
boundary phenomena. The right edge of phrasal prosodic categories may be associated with 
boundary tones, inal lengthening, and pause; consequently, the variable presence of [ɡ] appears 
to be affected by prosodic boundary strength, segmental duration, and the presence and 
duration of a following pause. These factors are teased apart through analysis of an elicitation 
task from 30 northern speakers, which reveals that [ŋɡ] clusters are conditioned most strongly 
by pause. Post-nasal [ɡ]-presence is only licensed when the following consonant-initial word 
is temporally distant, showing only minimal sensitivity to prosodic boundaries directly. The 
surface effect of segmental duration arises only indirectly through its collinearity with pause 
duration. Current theoretical approaches to external sandhi emphasize a range of different 
factors, including phonological representations of prosodic constituency, phonetic parameters 
like segmental duration, and psycholinguistic mechanisms of production planning. This paper 
provides quantitative evidence from an under-reported feature of northern English that bears 
directly on these debates.
Keywords: external sandhi; boundary; prosody; duration; pause; velar nasal plus; variation; 
lenition; dialects of English
1. Introduction
External sandhi processes, where a phonological alternation is triggered across word 
boundaries, have been subject to extensive study, particularly with respect to locality 
restrictions on their application and the implications this has for theories of speech planning 
(see Wagner, 2012 on the Production Planning Hypothesis, and more recently Kilbourn-
Ceron, 2017; Tamminga, 2018). However, formal accounts of how these processes exhibit 
sensitivity to phrasal boundaries often fail to capture the various ways in which such 
DQ HˤHFWPD\EH FRQGLWLRQHG7KH FROOLQHDULW\EHWZHHQERXQGDU\SKHQRPHQD VXFK DV
SDXVHDQGSKUDVH˚QDOVHJPHQWDOOHQJWKHQLQJSRVHVDVHULRXVSUREOHPIRUUHVHDUFKLQWR
WKHPHFKDQLVPVFRQGLWLRQLQJVXFKHˤHFWV$UHWKH\FRQGLWLRQHGGLUHFWO\E\DGMDFHQF\WR
SURVRGLFERXQGDULHVRISDUWLFXODUVWUHQJWKVRUGRWKH\UH˜HFWDPRUHJHQHUDOVHQVLWLYLW\
to segmental duration or pause? This study seeks to disentangle the close relationship 
between these factors, and does so by investigating one particular case of external sandhi 
that has been often overlooked in variationist linguistics.
7KHYDULDEOHSUHVHQFHRISRVWQDVDO> 1@LQZRUGVVXFKDVsing>V ?Ӕ 1@ࢩ>V ?Ӕ@DQGwrong 
>סŭӔ 1@ࢩ>סŭӔ@LVDFKDUDFWHULVWLFIHDWXUHRIWKHYDULHWLHVRI(QJOLVKVSRNHQLQWKH1RUWK
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West and West Midlands of England.1 This phenomenon, which Wells (1982, p. 365) refers 
to as velar nasal plus, has been documented in a number of dialectological handbooks 
(e.g., Hughes, Trudgill, & Watt, 2012; Trudgill, 1999; Wakelin, 1984) but has scarcely 
EHHQLQYHVWLJDWHGXQGHUWKHYDULDWLRQLVWSDUDGLJP$VDUHVXOWRIWKLVZKLOHLWVGLDFKURQLF
pathway of change has been explored in detail (see Bermúdez-Otero, 2011; Bermúdez-
Otero & Trousdale, 2012), synchronic patterns of variation in velar nasal plus remain 
comparatively understudied.
7KLV SDSHU SURYLGHV HYLGHQFH WKDW YDULDWLRQ LQ >Ӕ 1@ FOXVWHUV KHUHDIWHU GHQRWHG E\
(ng) using standard sociolinguistic convention, is less stable than previously thought; 
VSHFL˚FDOO\WKHEHKDYLRXURIQJLQSUHSDXVDOSRVLWLRQDSSHDUVWREHXQGHUJRLQJFKDQJH
in apparent time, whereby younger speakers are reanalyzing this environment as one that 
IDYRXUV > 1@SUHVHQFH7KHSULPDU\JRDORI WKLVSDSHU LV WR LQYHVWLJDWH WKHPHFKDQLVPV
XQGHUO\LQJ WKLV LQQRYDWLRQ VSHFL˚FDOO\ WR GLVHQWDQJOH WKH FROOLQHDULW\ EHWZHHQ WKUHH
IDFWRUVWKDWRQWKHVXUIDFHDSSHDUWRFRQGLWLRQWKLVHˤHFWVHJPHQWDOGXUDWLRQSURVRGLF
boundary strength, and the presence/duration of a following pause. In doing so, this study 
adds to a growing body of evidence outlining how probabilistic lenition processes behave 
before phrasal boundaries, and its results have implications for ongoing research into the 
conditioning factors of external sandhi.
Drawing upon production data from an elicitation task, it is shown that the probability of 
VXUIDFH> 1@SUHVHQFHLVPRVWVWURQJO\FRUUHODWHGZLWKWKHGXUDWLRQRISDXVHWKDWIROORZVLW
independent of the words position in the utterance or intonational phrase. The presence 
of a following pause is also highly collinear with the duration of the preceding nasal due 
WRWKHHˤHFWVRISUHERXQGDU\VHJPHQWDOOHQJWKHQLQJEXWWKHIRUPHULVDPXFKVWURQJHU
SUHGLFWRU RI WKH YDULDWLRQ LQ > 1@SUHVHQFH 7KXV YHODU QDVDO SOXV LQ QRUWKHUQ (QJOLVK
dialects shows no evidence of direct reference to segmental duration (cf. Lavoie, 2001), 
DQGWKHUHLVRQO\ZHDNHYLGHQFHRIVHQVLWLYLW\WRSKUDVDOSURVRGLFFDWHJRULHVFI1HVSRU	
Vogel, 1986); rather, the results of this study emphasize the importance of the temporal 
relationship between the target and trigger in external sandhi processes.
7KHVWUXFWXUHRI WKLVSDSHU LVDV IROORZV6HFWLRQ¬ LQWURGXFHVYHODUQDVDOSOXVDQG
outlines the current body of knowledge regarding how its patterns of variation are 
VWUXFWXUHGDORQJVRFLDODQGODQJXDJHLQWHUQDOGLPHQVLRQV6HFWLRQSURYLGHVDVXPPDU\
RI WKH OLWHUDWXUH RQ KRZ SDXVDO ERXQGDULHV DˤHFW RWKHU SUREDELOLVWLF H[WHUQDO VDQGKL
processes, and highlights a number of ways in which the conditioning of external sandhi 
has been accounted for in phonological theory; the discussion of pre-boundary lengthening 
LQ6HFWLRQIRUHJURXQGVWKHFROOLQHDULW\LVVXHVH[SORUHGLQWKLVSDSHUZKRVHUHVHDUFK
JRDOVDUHWKHQUHVWDWHGLQ6HFWLRQ
7KHPHWKRGRORJ\XQGHUWDNHQIRUWKLVVWXG\LVRXWOLQHGLQ6HFWLRQGHWDLOLQJWKHPHWKRGV
of data collection and in particular how the elicitations were carefully designed in order 
WRLQYRNHGLˤHUHQWPDJQLWXGHVRISUHERXQGDU\OHQJWKHQLQJ7KHUHVXOWVRIWKLVVWXG\DUH
VSOLWLQWRWZRVXEVHFWLRQV6HFWLRQSUHVHQWVHYLGHQFHIURPVRFLROLQJXLVWLFLQWHUYLHZV
RIDFKDQJHLQDSSDUHQWWLPHZLWKUHVSHFWWRWKHUDWHVRI> 1@SUHVHQFHSUHSDXVDOO\DQG
6HFWLRQDGGUHVVHVWKHSULPDU\JRDORIWKLVSDSHUE\H[SORULQJKRZWKLVLQQRYDWLRQLV
UHSUHVHQWHGLQVSHDNHUV·JUDPPDUVWKURXJKDQDO\VLVRIDQHOLFLWHGUHDGLQJWDVN$OWKRXJK
the focus of this paper is to uncover the precise mechanisms that condition this innovation, 
GLVFXVVHGLQ6HFWLRQSDUWRIWKHGLVFXVVLRQLVDOVRGHGLFDWHGWRDGGUHVVLQJWKHVRFLDO
DQGRULQWHUQDO IDFWRUVWKDWDFWXDOO\PRWLYDWHWKLVFKDQJH LQ6HFWLRQDQXPEHURI
 1:KLOVWSRVWQDVDO> 1@DOVRRFFXUVLQXQVWUHVVHG-ing clusters, leading to surface three-way variation between > ?Q@%꤀[ ?Ӕ@%꤀[ ?Ӕ 1@LQWKLVSDSHUWKHIRFXVLVVROHO\RQWKHVWUHVVHGQJFOXVWHUVWKDWDUHLQYDULDEOHLQQRQ
northern varieties.
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SRVVLELOLWLHVDUHSURSRVHGVSHFL˚FDOO\ZKHWKHUWKLVGLDFKURQLFFKDQJHUH˜HFWVDVKLIWLQ
the social meaning and evaluation of the local form, or stems from the inherent variability 
of external sandhi processes compared with word-internal phenomena.
2. Background
2.1. Velar nasal plus
,WVKRXOGEHSRLQWHGRXWWKDWSRVWQDVDO> 1@ZDVRQFHSUHVHQWDFURVVDOOYDULHWLHVRI(QJOLVK
before it began to undergo deletion in the Late Modern English period. Bermúdez-Otero 
and Trousdale (2012), drawing upon reports by eighteenth-century orthoepist James 
Elphinston as discussed by Garrett and Blevins (2009), provide a particularly enlightening 
DFFRXQWRI WKLV FKDQJH7KH\ VKRZKRZ WKHSKRQRORJLFDO 1GHOHWLRQ UXOHSURJUHVVHG
WKURXJK WKH JUDPPDU VXFK WKDW LQ YDULHWLHV RI 3UHVHQW 'D\ (QJOLVK >Ӕ 1@ FOXVWHUV DUH
only ever present pre-vocalically in monomorphemic or root-based items such as ˚QJHU 
or HORQJDWH, in addition to a small set of lexically-listed exceptions (the comparative and 
superlative forms of VWURQJ, ORQJ, and young).
$OWKRXJKWKLVFRGDWDUJHWLQJGHOHWLRQUXOHUDQWRFRPSOHWLRQLQPRVWYDULHWLHVRI(QJOLVK
WKHQRQFRDOHVFHG>Ӕ 1@IRUPZDVQRWORVWHYHU\ZKHUHYDULDWLRQLQQJVWLOOH[LVWVWRGD\
LQWKHVHYDULHWLHVVSRNHQLQWKH1RUWK:HVWDQG:HVW0LGODQGVRI(QJODQG$OWKRXJKZH
know very little about the synchronic variation of (ng) in these communities, the presence 
RISRVWQDVDO> 1@LVZHOOGRFXPHQWHGLQWKHGLDOHFWRORJLFDOOLWHUDWXUHHJ+XJKHVHWDO
2012; Trudgill, 1999; Wakelin, 1984). It has been documented in Birmingham (Thorne, 
 &DQQRFN +HDWK  /LYHUSRRO .QRZOHV  :HVW :LUUDO 1HZEURRN
0DQFKHVWHU%DLOH\6FKOHHI)O\QQ	5DPVDPP\DQGLQ6DQGZHOO
DQGWKHVXUURXQGLQJ%ODFN&RXQWU\$VSUH\0DWKLVHQ7KHVHDUHDVDOOIDOO
ZLWKLQ WKH 1RUWK :HVW RU :HVW 0LGODQGV RI (QJODQG FRUUHVSRQGLQJ ZLWK WKH 6XUYH\
RI (QJOLVK 'LDOHFWV LVRJORVV 2UWRQ 6DQGHUVRQ 	 :LGGRZVRQ  DV ZHOO DV PRUH
recent dialectological surveys (MacKenzie, Bailey, & Turton, 2017). However, these 
studies do not go beyond pointing out the presence of this form, and many in fact do not 
acknowledge that its presence is variable in those communities in which it is attested, let 
alone explore the factors that condition such variation. With many of them also relying 
on impressionistic and auditory analysis, variation in (ng) has simply not been subject to 
the same sociophonetic scrutiny as other variables.
While variation in (ng) does historically stem from a deletion rule, it is possible that at 
this point in time the synchronic system does not work that way, and that some tokens of 
SRVWQDVDO> 1@VXUIDFHLQVWHDGIURPDQLQVHUWLRQSURFHVV'HWHUPLQLQJZKHWKHURUQRWWKLV
is the case is beyond the scope of this paper, and as such the subsequent discussion of (ng) 
YDULDWLRQZLOOUHPDLQWKHRU\QHXWUDOUHIHUULQJRQO\WRSUHVHQFHRUDEVHQFHRI> 1@DQGQRW
to the process assumed to underpin this variation.
7KHREVHUYDWLRQWKDW> 1@SUHVHQFHLV IDYRXUHGEHIRUHSDXVHZLWKZKLFKWKLVSDSHU LV
primarily concerned, has not been discussed explicitly in other studies. However, the 
REVHUYDWLRQ WKDW QJ VKRZV VWURQJ VW\OLVWLF VWUDWL˚FDWLRQ FRXOG SURYLGH VXSSRUWLYH
HYLGHQFH IRU WKLV HˤHFW ERWK 0DWKLVHQ  DQG %DLOH\  UHSRUW KLJK UDWHV RI
> 1@SUHVHQFHLQZRUGOLVWHOLFLWDWLRQV7KHFRQYHQWLRQDODQGPRVWLPPHGLDWHLQWHUSUHWDWLRQ
RIWKLVLVRIFRXUVHWKDW> 1@SUHVHQFHLVFRQVLGHUHGWKH¶SUHVWLJH·IRUPDQGWKDWWKLVVW\OH
VKLIWLQJVLPSO\UH˜HFWVDGKHUHQFHWRWKLVQRUPLQPRUHFRQVFLRXVVSHHFKVW\OHV+RZHYHU
LWVKRXOGEHQRWHGWKDWWKHVHZRUGOLVWHOLFLWDWLRQWDVNVFRQ˜DWHWZRWKLQJVIRUPDOLW\DQG
SKRQRORJLFDO HQYLURQPHQW ,Q RWKHUZRUGV GRZH˚QGPRUH > 1@SUHVHQFH LQZRUGOLVW
elicitations because this form is considered the standard and is therefore more frequent in 
formal discourse styles, or is it actually because in this style the tokens of (ng) are elicited 
with clear pauses and prosodic breaks between each item? It is of course possible that the 
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KLJKUDWHRIZRUGOLVW> 1@SUHVHQFHLVLQIDFWDWWULEXWDEOHWRERWK7KHIRUPHUH[SODQDWLRQ
SUHVXSSRVHVWKDWIRUPVZLWKWKHSRVWQDVDO> 1@DUHLQGHHGFRQVLGHUHGSUHVWLJLRXVEXWWKH
RQO\VWXG\WRLQYHVWLJDWHWKHHYDOXDWLRQRI>Ӕ 1@VKRZVQRHYLGHQFHWKDWWKLVLVWKHFDVH
1HZEURRN
$QXPEHURIVWXGLHVVHHPWRVXJJHVWWKDWWKHORFDOQRQFRDOHVFHGIRUPLQZKLFKSRVW
QDVDO> 1@LVSUHVHQWLVLQFUHDVLQJLQSRSXODULW\ZLWK\RXQJHUVSHDNHUVWKRXJKIHZDFWXDOO\
SURYLGHTXDQWLWDWLYHHYLGHQFHLQVXSSRUWRIVXFKFODLPV$VSUH\SUHSRUWVWKDW
WKHSUHVHQFHRI> 1@LV´OLQNHGWRWKH\RXQJHUJHQHUDWLRQVµLQWKH%ODFN&RXQWU\DQGWKLV
DVVRFLDWLRQEHWZHHQ >Ӕ 1@DQG\RXWK VSHHFK LV HFKRHGE\RWKHUV VHH&KLQQ	7KRUQH
:DNHOLQ0DWKLVHQ·VZRUNLQ6DQGZHOOLQWKH:HVW0LGODQGVGRHV
however, provide an empirical grounding to such claims; this increase, described as a 
revitalization of this local form, is being led by young women and the working classes 
LQSDUWLFXODU$SUHIHUHQFHIRUYHODUQDVDOSOXVDPRQJWKHZRUNLQJFODVVHVLVFRUURERUDWHG
by Thorne (2003, p. 121), and an increase in its use in apparent time is also found in the 
speech community of Wilmslow, Cheshire (Watts, 2005, p. 173).
2.2. Boundary effects on other external sandhi processes
6LQFHYHU\OLWWOHZRUNKDVEHHQFDUULHGRXWRQWKHODQJXDJHLQWHUQDOIDFWRUVLQ˜XHQFLQJ
QJ VSHFL˚FDOO\ LWV VHQVLWLYLW\ WR SKRQRORJLFDO DQG SURVRGLF HQYLURQPHQW DQG LWV
behaviour pre-pausally, we can instead turn to comparable external sandhi processes that 
have been subject to more extensive variationist study. One such example is /t,d/-deletion 
LQ YDULHWLHV RI (QJOLVK WKH UHGXFWLRQ RI ZRUG˚QDO FRQVRQDQW FOXVWHUV HQGLQJ ZLWK D
coronal stop e.g., MXVW>Gޓ۠VW@ࢩ>Gޓ۠V@SURYHG>SסX%?YG@ࢩ>SסX%?Y@7KLVLVUHPDUNDEO\ZHOO
studied, having been attested across the worlds varieties of English, and its variation 
VKRZVVLPLODUSDWWHUQLQJWRQJ%RWKLQYROYHVHJPHQWDOSUHVHQFHDEVHQFHLQZRUG˚QDO
consonant clusters, and both are sensitive to morphological and syntactic structure in ways 
consistent with a cyclic analysis. Guy (1991) adopts a Lexical Phonology framework in 
DFFRXQWLQJIRUWKHPRUSKRORJLFDOHˤHFWRQWGGHOHWLRQZKHUHE\GHOHWLRQLVOHVVOLNHO\
for past tense items due to the targeted /t,d/ segment appearing later in the derivation, 
while diachronic and synchronic accounts of (ng) have been combined under the life 
cycle of phonological processes (see Bermúdez-Otero & Trousdale, 2012 on the diachronic 
SURFHVV RI  1GHOHWLRQ DQG%DLOH\ ERQ WKH V\QFKURQLF LPSOLFDWLRQV WKDW IROORZ
from this analysis).
Most importantly for the present study, both processes show sensitivity to the 
LPPHGLDWHSKRQRORJLFDOFRQWH[WDQGGRVRLQDQLGHQWLFDOPDQQHU> 1@SUHVHQFHLVPRUH
OLNHO\ SUHYRFDOLFDOO\ WKDQ SUHFRQVRQDQWDOO\ .QRZOHV  8SWRQ 6DQGHUVRQ 	
Widdowson, 1987; Watts, 2005), and the same pattern of variation has been shown 
for /t,d/-deletion in countless studies (e.g., Tamminga, 2016 on Philadelphia English, 
Baranowski & Turton, 2015 on Manchester English). In fact, Tagliamonte and Temple 
(2005) claim that this is consistently the strongest predictor of /t,d/-deletion in all 
varieties of English in which it has been studied. What is not so consistent, however, is 
how coronal stop deletion behaves pre-pausally. In some varieties, following pauses are 
said to inhibit deletion even more so than following vowels, e.g., York (Tagliamonte & 
7HPSOH3KLODGHOSKLD*X\DQG&KLFDQR(QJOLVK6DQWD$QDZKLOH
in others the deletion rate pre-pausally is higher (see Bayley, 1994 on Tejano English 
DQG +D]HQ  RQ $SSDODFKLDQ (QJOLVK )RU VRPH VSHDNHUV SDUWLFXODUO\ WKRVH RI
$IULFDQ$PHULFDQ9HUQDFXODU(QJOLVKGHOHWLRQLQSUHSDXVDOHQYLURQPHQWVFDQEHHYHQ
DVKLJKDQGVRPHWLPHVKLJKHUWKDQLQSUHFRQVRQDQWDOSRVLWLRQHJ)DVROG¬LQ
:DVKLQJWRQ'&DQG*X\¬LQ1HZ<RUN
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More recent studies have done away with a categorical coding of pause presence/
absence altogether, and instead incorporated pause duration as a gradient factor; Tanner, 
6RQGHUHJJHUDQG:DJQHUVKRZKRZSDXVHGXUDWLRQXVHGDVDSUR[\RIERXQGDU\
VWUHQJWKPRGXODWHVWKHHˤHFWRIIROORZLQJVHJPHQWVVXFKWKDWWKHLQ˜XHQFHRIDIROORZLQJ
vowel or consonant on the application of /t,d/-deletion is neutralized when a long pause 
¬PVRUJUHDWHUVHSDUDWHVWKHPIURPWKHSUHFHGLQJWGFOXVWHU7KH\DUJXHWKDWWKLV
EHKDYLRXUOHQGVHPSLULFDOVXSSRUWWRWKHSURGXFWLRQSODQQLQJK\SRWKHVLV:DJQHU
The stronger the prosodic or syntactic boundary between constituents, the less likely it is 
WKDWWKHIROORZLQJVHJPHQWDOPDWHULDOKDVEHHQSODQQHGDQGDVVXFKLWFDQKDYHQRHˤHFW
on the realization of the preceding coronal stop. This has also been recently explored by 
7DPPLQJDZKR˚ QGVDVLPLODULQWHUDFWLRQEHWZHHQWKHPDJQLWXGHRIWKHIROORZLQJ
VHJPHQWHˤHFWDQGWKHVWUHQJWKRIWKHV\QWDFWLFMXQFWXUHEHWZHHQWKHWDUJHWDQGWULJJHU
)RUPDO DFFRXQWV RI H[WHUQDO VDQGKL FRQGLWLRQLQJ VSHFL˚FDOO\ WKH PHFKDQLVPV WKDW
trigger this sensitivity to phonological environment, have also often focused on /t,d/-
GHOHWLRQ$QXPEHURIH[SODQDWLRQVRIWKH¶IROORZLQJVHJPHQWHˤHFW·KDYHEHHQSURSRVHG
with the goal of capturing not just the consistent observation that deletion is more likely 
pre-consonantally than pre-vocalically, but also the variability of deletion pre-pausally. It 
KDVEHHQDUJXHGHJ*X\WKDWWKHHˤHFWVWHPVIURPWKHSRVVLELOLW\RISKUDVHOHYHO
UHV\OODEL˚FDWLRQZKHUHZRUG˚QDOSUHYRFDOLFWGYDULDEO\DWWDFKHVDVDQRQVHWWRWKH
following word and thus avoids deletion; however, this has been disputed on the grounds 
WKDWWKHSKRQHWLFUHDOL]DWLRQRIZRUG˚QDOSUHYRFDOLFWGZKHQSUHVHQWRQWKHVXUIDFHLV
not comparable to that of a canonical word-initial /t,d/ even though the former is argued 
to be in onset position (Labov, 1997).
$OWHUQDWLYH H[SODQDWLRQV PDNH UHIHUHQFH WR WKH 2EOLJDWRU\ &RQWRXU 3ULQFLSOH - -
0F&DUWK\  <LS  E\ KLJKOLJKWLQJ GLˤHUHQFHV LQ IHDWXUH VLPLODULW\ EHWZHHQ
the /t,d/ and a following consonant, liquid, glide, or vowel. Crucially, the inter-dialectal 
variation in how /t,d/-deletion behaves pre-pausally stems from the fact that the pre-
SDXVDOHQYLURQPHQWE\LWVYHU\QDWXUHGRHVQRW˚ WLQWRWKHDERYHKLHDUFK\DQGLVWKHUHIRUH
´VXVFHSWLEOHWRGLˤHULQJDQDO\VHVE\GLˤHUHQWVSHDNHUVRUGLDOHFWVµ*X\S
&RHW]HHRˤHUV\HWDQRWKHUSURSRVDOLQVWHDGUHO\LQJRQOLFHQVLQJE\FXH6WHULDGH
1997) and how these perceptual cues for identifying the place and manner of articulation 
of stops (namely, their release and also the formant transitions into a following vowel) are 
UHDOL]HGEHIRUHFRQVRQDQWVYRZHOVDQGSDXVHV6XFKDQDFFRXQWVLPSO\KDVWRVWLSXODWH
LQWHUGLDOHFWDO GLˤHUHQFHV LQ WKH UDQNLQJ RI FRQVWUDLQWV RU DOWHUQDWLYHO\ LQ WKH SKRQHWLF
UHDOL]DWLRQRISUHSDXVDOFRQVRQDQWV WRFDSWXUH WKHGLˤHUHQFHEHWZHHQYDULHWLHV LQKRZ
pre-pausal /t,d/ behaves. Whatever the nature of this sensitivity to the phonological 
HQYLURQPHQW WKHUH LVDPSOHHYLGHQFHWRVXJJHVW WKDW WKHHˤHFWRID IROORZLQJSDXVHRQ
WGGHOHWLRQLVRSHQWRGLˤHULQJDQDO\VHVEHWZHHQVSHHFKFRPPXQLWLHV:H˚QGVLPLODU
LQWHUGLDOHFWDOYDULDWLRQLQVZHDNHQLQJDFURVVYDULHWLHVRI6SDQLVKWKLVUXOHLV\HWDQRWKHU
H[DPSOHRIDFRGDWDUJHWLQJOHQLWLRQSURFHVVLQWKLVFDVHGHEXFFDOL]DWLRQIURPVWR>K@
ZKHUHWKHHˤHFWRIDIROORZLQJSDXVHLVQRWXQLYHUVDO,QVWDQGDUGYDULHWLHVRI$UJHQWLQLDQ
6SDQLVK VZHDNHQLQJ LV EORFNHG SUHSDXVDOO\ VHH .DLVVH  FRQWUDVWLQJ ZLWK
Caribbean varieties where weakening shows no such sensitivity to pause (see Harris, 1983).
These processes are uncontroversially leniting and therefore any comparison with (ng), 
ZKLFKDVGLVFXVVHGHDUOLHUFRXOGFRQFHLYDEO\EHDFDVHRIV\QFKURQLF> 1@LQVHUWLRQVKRXOG
be taken with some degree of caution. However, it remains the case that there are clear 
SDUDOOHOVEHWZHHQWKHVHWKUHHSURFHVVHVZLWKUHVSHFWWRWKHLUSKUDVHOHYHOFRQGLWLRQLQJ
7KHYDU\LQJVHJPHQWV> 1@>W@>G@DQG>V@DUHSUHVHQWEHIRUHYRZHOLQLWLDOZRUGVDEVHQW
before consonant-initial words, and show unusual and inconsistent behaviour pre-pausally. 
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,QWKHFDVHRIWGGHOHWLRQDQGVZHDNHQLQJWKLVUHJLVWHUVLWVHOIDVGLˤHUHQFHVLQSDXVDO
HˤHFWVEHWZHHQGLˤHUHQWYDULHWLHVDQGLQWKHFDVHRIQJDVGLDFKURQLFLQVWDELOLW\DVZLOO
EHLOOXVWUDWHGLQ6HFWLRQ
2.3. Pre-boundary lengthening
2QHRIWHQRYHUORRNHGDVSHFWRIKRZSDXVHVLQ˜XHQFHYDULDEOHOLQJXLVWLFSKHQRPHQDLV
WKHZD\LQZKLFKWKH\DˤHFWVXSUDVHJPHQWDOIHDWXUHVVSHFL˚FDOO\SKRQHWLFGXUDWLRQ,W
has been observed cross-linguistically that segments in pre-boundary position are longer 
in duration than those not adjacent to a prosodic boundary. Many reports focus on Indo-
(XURSHDQODQJXDJHVVHH/HKLVWH2OLYH	6WUHHWHURQ(QJOLVK/LQGEORPRQ
6ZHGLVK'HODWWUHRQ)UHQFK6SDQLVKDQG*HUPDQEXW+RFNH\DQG)DJ\DO
DOVR UHSRUW LW IRU +XQJDULDQ RI WKH )LQQR8JULF IDPLO\ GHVSLWH WKLV ODQJXDJH KDYLQJ
phonemic length distinctions.
,WLVJHQHUDOO\FRQVLGHUHGWKDWSUHERXQGDU\OHQJWKHQLQJLVWULJJHUHGGLUHFWO\E\˚QDOLW\
in a prosodic constituent, with the magnitude of lengthening correlated with the size of 
WKHFRQVWLWXHQWLQWKHSKRQRORJLFDOKLHUDUFK\*XVVHQKRYHQ	5LHWYHOG:LJKWPDQ
6KDWWXFN+XIQDJHO2VWHQGRUI	3ULFH+RZHYHUWKLVKDVUHFHQWO\EHHQGLVSXWHG
E\)HOGVFKHUDQG'XUYDVXODZKR LQVWHDGSURSRVH WKDW OHQJWKHQLQJ LV WULJJHUHG
GLUHFWO\E\SDXVH7KHUHLVDOVRHYLGHQFHLQGLFDWLQJODQJXDJHVSHFL˚FLPSOHPHQWDWLRQVRI
OHQJWKHQLQJSRVVLEO\LQ˜XHQFHGE\WKHUROHRIGXUDWLRQLQRWKHUDUHDVRIWKHJUDPPDU
which suggests that the magnitude of pre-boundary lengthening is sensitive to factors 
other than just the prosodic hierarchy (Cho, 2016; Turk, 2012). The exact typology 
of constituents within this hierarchy is also subject to debate, but there is widespread 
DJUHHPHQWRQWKH¶PDMRU·FDWHJRULHVDERYHWKHZRUGOHYHODVZHOODVWKHLUUHODWLYHRUGHULQJ
The Utterance (U) is higher than the Intonational Phrase (IP), which in turn is higher than 
WKH3KRQRORJLFDO3KUDVH33+*XVVHQKRYHQ6HONLUN
Given that stronger boundaries elicit longer pauses and greater segmental lengthening, 
the collinearity between these three factors raises questions regarding the nature of these 
UHSRUWHG ¶SUHSDXVDO· HˤHFWV :KDW LI WKH HˤHFWV RI D IROORZLQJ SDXVH VRPHWLPHV UH˜HFW
VRPHWKLQJPRUHJUDQXODU LH VHQVLWLYLW\ WRGXUDWLRQ"7KLVZDV H[SORUHGE\6SURDW DQG
)XMLPXUDLQWKHLUVWXG\RIOGDUNHQLQJWKH\DUJXHWKDWFRQWUDU\WRHDUOLHUFODLPV
/l/-darkening is gradient in nature and triggered by a purely durational mechanism in which 
WKHGDUNQHVVRIWKHOLVSRVLWLYHO\FRUUHODWHGZLWKWKHGXUDWLRQRIWKHULPH$OWKRXJKPRUH
UHFHQWO\LWKDVEHHQVKRZQWKDWWKLVLVDQRYHUVLPSOL˚FDWLRQZLWKXOWUDVRXQGWRQJXHLPDJLQJ
revealing both a categorical and gradient process of darkening (see Turton, 2014, 2017), it 
is nevertheless the case that the gradient process of darkening is correlated with duration.
Much like with the parallels drawn between (ng) and (td) in the preceding section, 
I do not mean to suggest that (ng) and /l/-darkening are comparable variables; this is 
particularly important in the case of /l/ given that it is not only uncontroversially leniting 
EXWDOVRRIDQRQGHOHWLQJW\SH+RZHYHUUHJDUGOHVVRI WKHVLPLODULWLHVDQGGLˤHUHQFHV
between these processes, it is possible that the same durational mechanism applies in the 
case of (ng), even if it is interpreted as insertion. Given that such an insertion process 
only requires a slight change in gestural timing, where the velum is raised before rather 
WKDQDIWHUFHVVDWLRQRIWKHRUDOJHVWXUHLWZRXOGKDUGO\EHVXUSULVLQJWR˚QGLWVKRZLQJ
sensitivity to the preceding nasal duration.
2.4. Research questions
In light of the current knowledge summarized in the previous section, this study aims to 
DFFRPSOLVKWZRWKLQJVWRSURYLGHHYLGHQFHRIDKLWKHUWRXQUHSRUWHGFKDQJHLQSURJUHVV
WRZDUGVLQFUHDVLQJ> 1@SUHVHQFHDPRQJ\RXQJVSHDNHUVUHVWULFWHGWRSUHSDXVDOFRQWH[WV
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and then to solve the collinearity between various boundary phenomena by investigating 
three related prosodic factors that potentially condition this change.
6ROYLQJ WKLV FROOLQHDULW\ LVVXH KDV ZLGH LPSOLFDWLRQV IRU D QXPEHU RI WKHRUHWLFDO
DSSURDFKHVWKDWPDNHSUHGLFWLRQVZLWKUHVSHFWWRZKDWVKRXOGFRQGLWLRQVXFKDQHˤHFW
$FODVVLFDO3URVRGLF3KRQRORJ\DSSURDFKWRH[WHUQDOVDQGKLSURFHVVHV1HVSRU	9RJHO
 SUHGLFWV WKDW WKH FRQGLWLRQLQJ HQYLURQPHQW LV GH˚QHG E\ WKH FDWHJRULHV RI WKH
SURVRGLFKLHUDUFK\LWVHOIHJZKHQ˚QDOLQWKHLQWRQDWLRQDOSKUDVH,3RUXWWHUDQFH8
,IWKLVZHUHWKHFDVHZHVKRXOG˚QGDVWDUNFRQWUDVWLQ> 1@SUHVHQFHEHWZHHQGRPDLQ
PHGLDODQGGRPDLQ˚QDOSRVLWLRQVDQGDUHVXOWLQZKLFKWKLVGLFKRWRP\SURYLGHVWKHEHVW
˚WWRWKHREVHUYHGYDULDWLRQZRXOGOHQGVXSSRUWWRWKLVWKHRU\
On the other hand, there are theories of lenition (e.g., Lavoie, 2001) that highlight 
the importance of durational factors over the abstract categories proposed by Prosodic 
Phonology. These accounts claim that the primary phonetic manifestation of weakening 
is shorter segmental duration; as such, they would predict that it is phonetic duration that 
GLUHFWO\LQ˜XHQFHV>Ӕ 1@YDULDWLRQVXFKWKDWWKHSUREDELOLW\RI> 1@SUHVHQFHLVFRUUHODWHG
with the duration of the syllable coda or rime.
)LQDOO\UHFHQW\HDUVKDYHVHHQDULVH LQWKHRULHV WKDWHPSKDVL]HWKHSV\FKROLQJXLVWLF
processing of language, such as the Production Planning Hypothesis (Wagner, 2012); 
under these accounts, the most important factor in conditioning external sandhi processes 
LV WKH WHPSRUDO UHODWLRQVKLSEHWZHHQ WDUJHW LQ WKLVFDVHZRUG˚QDO >Ӕ 1@DQG WULJJHU
(the following consonant-initial word), thus motivating the inclusion of intervening pause 
duration in this analysis. It may be the case that this plays the biggest role in conditioning 
this case of external sandhi, whereby the presence (and possibly duration) of a pause 
IROORZLQJWKHQJWRNHQKDVDGLUHFWLPSDFWXSRQWKHSUREDELOLW\WKDWWKH> 1@LVSUHVHQW
on the surface, independent of prosodic position or phonetic duration.
It is important to consider these three factors separately at both the conceptual and 
HPSLULFDOOHYHOGHVSLWHWKHVWURQJFROOLQHDUUHODWLRQVKLSEHWZHHQWKHP$OWKRXJKLWKDV
been shown that pause is the most important acoustic cue to the perception of intonational 
SKUDVLQJVHH0R6ZHUWV<DQJ6KHQ/L	<DQJ=KDQJLWLV
QRWPDQGDWRU\WRPDUNDERXQGDU\ZLWKSDXVH.ULYRNDSLǤ	%\UGZKLFKUHVXOWV
LQFDVHVZKHUHWKLVFROOLQHDULW\EUHDNVGRZQ,QVKRZLQJKRZWKHHˤHFWVRISDXVHLQWHUDFW
with prosodic position in Japanese high-vowel devoicing, Kilbourn-Ceron (2017) highlights 
the importance of teasing apart such factors for variables that show apparent pre-pausal 
EHKDYLRXUDQGWKHUHLVHYLGHQFHIURP$UJHQWLQLDQ6SDQLVKWKDWD,3ERXQGDULHVFDQEH
produced without pause and (b) pauses can occur ZLWKLQ IPs (Kaisse, 1996).
This paper seeks to uncover the relative contributions made by these three 
boundary phenomena (prosodic boundary strength, segmental duration, and pause 
SUHVHQFHGXUDWLRQ LQERRVWLQJ> 1@SUHVHQFH LQQRUWKHUQ%ULWLVK(QJOLVKDQGE\GRLQJ
so will contribute to our knowledge of how external sandhi processes operate in pre-
boundary position.
3. Methodology
This study takes a two-pronged approach in answering the research questions posed in 
the preceding section, and it does so by drawing upon two complementary sources of 
GDWD D FROOHFWLRQRI VRFLROLQJXLVWLF LQWHUYLHZV DQG D IROORZXS HOLFLWDWLRQ WDVNZLWK D
similar population sample. These two methods of data collection have complementary 
strengths and weaknesses, and an analysis that makes use of both is therefore better-
equipped to provide an accurate description of the variation. The interviews contain 
naturalistic language that is often the subject of variationist analysis; these will be used 
WRSURYLGHHPSLULFDO HYLGHQFHRI D FKDQJH LQSURJUHVVDPRQJ1RUWK:HVWHUQ VXEMHFWV
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The elicitations, on the other hand, allow for careful control over the environments in 
which the dependent variable appears, which is a crucial component of this investigation 
into the behaviour of (ng) at various linguistic boundaries; these will be used to provide 
insight into factors that condition the afore-mentioned change.
$OOUHFRUGLQJVZHUHPDGHXVLQJD6RQ\3&00UHFRUGHUDQGDODYDOLHUPLFURSKRQH
attached to the participant, saved at a 44.1 KHz sampling rate in uncompressed 
:$9¬IRUPDW
3.1. Sociolinguistic interviews
7KHQDWXUDOLVWLFFRPSRQHQWRIWKHGDWDFRQVLVWVRI¬VRFLROLQJXLVWLFLQWHUYLHZVPRVWRI
which took place during a two-year period from 2015 to 2017. In the following sub-sections 
I provide detail on the demographics of the participants and the interview process itself.
3.1.1. Participants
7KHSRSXODWLRQVDPSOHFRQVLVWVRI¬VSHDNHUVIHPDOH¬PDOHDOORIZKRPZHUH
ERUQ LQ WKH 1RUWK :HVW RI (QJODQG ZLWK D ODUJH PDMRULW\ ERUQ DQG UDLVHG LQ *UHDWHU
Manchester. Their date of births range from 1907 to 1998, with two interviews conducted 
LQ ¬ LQFOXGHG WR SURYLGH H[WUD WLPH GHSWK WR WKH DSSDUHQW WLPH DQDO\VLV RI QJ
6RFLRHFRQRPLF VWDWXV ZDV FRQWUROOHG IRU E\ RQO\ LQWHUYLHZLQJ XSSHU ZRUNLQJ FODVV
VSHDNHUVZLWKWKLVFODVVL˚FDWLRQEDVHGEURDGO\RQRFFXSDWLRQIROORZLQJWKHPHWKRGVRI
Baranowski (2017, p. 303) in Manchester.
3.1.2. Task
The sociolinguistic interviews were conducted one-on-one with the participants. 
)ROORZLQJJXLGDQFHIURP7DJOLDPRQWHSS²WKHLQWHUYLHZVW\SLFDOO\ODVWHG
for approximately one hour and took the recommended form of hierarchically-structured 
topical modules such as childhood, work and family life, the local community, travel etc. 
(Labov, 1984, p. 33); these topics consisted of open-ended questions, many of which were 
designed to elicit narratives of personal experience, said to provide the clearest access to 
DVSHDNHU·VYHUQDFXODUDQGPLQLPL]HWKHHˤHFWVRIWKHREVHUYHU·VSDUDGR[/DERY
In total, these interviews yielded 1526 tokens of (ng).
These interviews were conducted as part of a wider variationist investigation of (ng), 
and as such they were also coded for a number of linguistic factors such as the immediate 
preceding/following phonological context, word frequency, speech rate, and part of 
VSHHFKDPRQJRWKHUV7RNHQVZHUHFRGHGDVEHLQJ¶SUHSDXVDO·ZKHQ˚QDOLQDQ(/$1
breath group; broadly speaking these tokens are followed by a period of silence lasting 
DSSUR[LPDWHO\¬PVRUORQJHU
3.2. Elicitations
While the conversational data provides a reliable insight into how (ng) varies in naturalistic 
speech, an elicitation task is required to tease apart the various collinear boundary 
SKHQRPHQD WKDW SRWHQWLDOO\ FRQGLWLRQ WKLV YDULDWLRQ )RU WKLV HOLFLWDWLRQ WDVN VXEMHFWV
were asked to read out a list of sentences as naturally as possible and at their own pace. 
Each sentence contained exactly one token of (ng) before a particular linguistic boundary, 
GHWDLOHGLQ6HFWLRQDQGWKH\ZHUHSUHVHQWHGRQHDWDWLPHRQDODSWRSVFUHHQ,QWKH
following sub-sections I provide further information about the sample population and the 
design of elicitation stimuli.
3.2.1. Participants
7KHHOLFLWDWLRQ WDVNZDVFRQGXFWHGZLWK¬VSHDNHUV IURPWKH1RUWK:HVWRI(QJODQG
PDQ\RIZKRPZHUHDOVRVXEMHFWVRIWKHVRFLROLQJXLVWLFLQWHUYLHZVGHWDLOHGLQ6HFWLRQ¬
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7KHVH¬VSHDNHUVIRUPDEDODQFHGSRSXODWLRQVDPSOHZLWKUHVSHFWWRDJHDQGVH[VHH
Table 1), and although many of the informants were born and raised in Manchester, 
WKH VDPSOH FRQWDLQV DQXPEHURI VSHDNHUV IURPRWKHU UHJLRQV LQ WKH1RUWK:HVW VXFK
DV%ODFNEXUQ:LGQHV:LJDQDQG%ROWRQ(ˤRUWVZHUHPDGHWRHQVXUHWKDWDOOVXEMHFWV
ZKRWRRNSDUWLQWKLVHOLFLWDWLRQWDVNZHUHQRWRQO\ERUQDQGUDLVHGLQWKH1RUWK:HVWRI
England but also that they had at least one parent who was also a native British English 
speaker from the same region.
3.2.2. Stimuli
)LYHOLQJXLVWLFERXQGDULHVRIGLˤHUHQWSHUFHLYHG¶VWUHQJWKV·DUHXQGHUFRQVLGHUDWLRQKHUH
EDVHGSULPDULO\RQWKHVWLPXOLFKRVHQE\6SURDWDQG)XMLPXUDLQWKHLUFRPSDUDEOH
study of coda-targeting /l/-darkening in English.2 The aim of these carefully-controlled 
HQYLURQPHQWVZKLFKYDU\LQWKHLULQKHUHQW¶VWUHQJWKV·LVWRHOLFLWGLˤHUHQWPDJQLWXGHVRI
SUHERXQGDU\VHJPHQWDOOHQJWKHQLQJ$OWKRXJKODWHUZRUNVXJJHVWVWKDWWKHPDJQLWXGHDQG
implementation of pre-boundary lengthening is not universal and not solely a function of 
SURVRGLFRUV\QWDFWLFERXQGDU\VWUHQJWK&KR)HOGVFKHU	'XUYDVXOD7XUN
WKHUHVXOWVIURP6SURDWDQG)XMLPXUDQHYHUWKHOHVVMXVWLI\WKHDGRSWLRQRI
similar stimuli here. It has already been shown that these elicitations result in a range of 
segmental durations, which will allow for an investigation into how well this phonetic 
SURSHUW\ FRUUHODWHVZLWK > 1@SUHVHQFH7KHVHERXQGDULHVZKLFKDUHHLWKHU V\QWDFWLFRU
SURVRGLFLQQDWXUHDUHGHWDLOHGDQGH[HPSOL˚HGEHORZLQLQFUHDVLQJRUGHURIWKHVWUHQJWK
RIWKHMXQFWXUH
1. 13LQWHUQDOERXQGDU\LPPHGLDWHO\IROORZHGE\WKHKHDGRIDQ13 HJ6KHZDVJLYHQ>WKHZURngDPRXQW@
NP
2. 93LQWHUQDOERXQGDU\LPPHGLDWHO\IROORZHGE\WKHGLUHFWREMHFWLQDGRXEOHREMHFW
construction HJ6KHJDYH>WKHULng@
IO
>DTXLFNSROLVK@
DO
3. 93ERXQGDU\LPPHGLDWHO\IROORZHGE\DQ1393MXQFWXUH 
e.g., [The sting@
NP
 became painful
4. ,QWRQDWLRQDOSKUDVHERXQGDU\˚QDOLQWKHLQWRQDWLRQDOSKUDVH HJ>´,W·VDWUDGLWLRQDOWKLngµ@
IP
 Patricia said
5. 8WWHUDQFHERXQGDU\˚QDOLQWKHXWWHUDQFH 
e.g., [The drink was surprisingly strong@
U
 2 Word-medial tokens were also collected, but had to be discarded from the analysis due to a confound of epen-WKHVLVWKHQJWRNHQVEHIRUHFRQVRQDQWLQLWLDOVX˞[HVHJJDQJVWHU, \RXQJVWHUUHVXOWHGLQQDVDO¬¬VLELODQWFOXVWHUVWKDWDUHNQRZQWRWULJJHUH[FUHVFHQWVWRSLQVHUWLRQ)RXUDNLV	3RUW:DUQHU7KLV
is of course a productive and widely-attested phenomenon in English, sometimes referred to as the SULQWVSULQFHPHUJHUZKHUHJHVWXUDOWLPLQJGXULQJWKHQDVDO¬¬VLELODQWWUDQVLWLRQFDQOHDGWRLQVHUWLRQRIDVWRSWKDWLVKRPRUJDQLFZLWKWKHSUHFHGLQJQDVDOUHVXOWLQJLQVXUIDFHIRUPVVXFKDV>%[Sס ?QWV@¶SULQFH·>%[K PSVWʅ@¶KDPVWHU·DQG>%[MڠӔNVWʅ@¶\RXQJVWHU·2ZLQJWRWKHGL˞FXOW\LQGHWHUPLQLQJZKHWKHUDSRVWQDVDOVWRS
in this environment arises through this process rather than being a genuine case of velar nasal plus, these 
examples had to be excluded.
Table 1: The age and sex distribution of informants for the elicitation task. Cells include the 
average age of each group, with N denoting number of subjects. ‘Young’ speakers are aged 
between 18 and 30; ‘old’ speakers are aged between 52 and 85.
Male Female
Young 24 yrs
N = 8
24 yrs
N = 8
Old 60 yrs
N = 6
60 yrs
N = 8
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Because the words under consideration contain two sonorous segments upon which the 
HˤHFWVRI OHQJWKHQLQJFDQEH UHJLVWHUHG VHH7XUN	6DZXVFK7XUN	6KDWWXFN
Hufnagel, 2007; Turk & White, 1999), pre-boundary lengthening was operationalized as 
sonorant duration, encompassing both the vowel and nasal portion of the (ng) word. The 
SKRQHWLFDOO\JUDGLHQWUHODWLRQVKLSEHWZHHQWKLVGXUDWLRQDOPHDVXUHDQGWKH˚ YHERXQGDU\
contexts included in this study is illustrated in Figure 1, highlighting the success of the 
chosen stimuli in eliciting various magnitudes of lengthening.
Each boundary context was represented eight times in the sentence list, equally distributed 
by phonological context such that each ERXQGDU\¬%’¬SUHFHGLQJVHJPHQW¬%’¬IROORZLQJVHJPHQW 
combination was represented by two example sentences. The segment immediately 
following the (ng) cluster was either a consonant or a vowel,3 with the following word 
also having non-initial stress, and the segment immediately preceding the (ng) cluster was 
either a low vowel or a high vowel. Controlling for vowel height is necessary because it 
SUHVHQWVDFRQIRXQGIRURXUTXDQWL˚FDWLRQRISUHERXQGDU\OHQJWKHQLQJHˤHFWV*LYHQWKDW
pre-boundary lengthening applies not just to the nasal segment of the (ng) word but also 
to the preceding stressed vowel, we want to minimize the possibility of any other factors 
LQ˜XHQFLQJWKHGXUDWLRQDOSURSHUWLHVRIWKHVHVHJPHQWV7KHZHOOHVWDEOLVKHGFRUUHODWLRQ
EHWZHHQYRZHOKHLJKW DQGGXUDWLRQ VHH /HKLVWH  6ROp	2KDOD 7DXEHUHU
& Evanini, 2009) is one such confound. Word token frequency is another potential 
confounding factor, and one that is less easily overcome given the small set of lemmas 
that actually contain a variable (ng) cluster. The impact of token frequency on phonetic 
implementation has been subject to extensive study, and one such surface manifestation 
of token frequency is registered in segmental duration, whereby less frequent words are 
RIWHQORQJHUWKDQZRUGVWKDWDUHIUHTXHQWDQGPRUHSUHGLFWDEOHLQGLVFRXUVHVHH$\OHWW	
7XUN-XUDIVN\%HOO*UHJRU\	5D\PRQG7RPLQLPL]HWKHLPSDFWRIWKLV
FRQIRXQGLQJIDFWRUHˤRUWVZHUHPDGHWRDYRLGKLJKO\LQIUHTXHQWQJOHPPDVZLWKMXVW
RQHH[FHSWLRQDOOOHPPDVXVHGLQWKHVWLPXOLUDQJHEHWZHHQ²RQWKHORJDULWKPLF
²=LSIVFDOHYDQ+HXYHQ0DQGHUD.HXOHHUV	%U\VEDHUW
,Q WRWDO ¬ VHQWHQFHV ZHUH HOLFLWHG SHU SDUWLFLSDQW  ERXQGDULHV¬ %’¬  SUHFHGLQJ
VHJPHQWV¬%’¬IROORZLQJVHJPHQWV¬%’¬UHSHWLWLRQV\LHOGLQJDWRWDORIWRNHQVWKHVH
VHQWHQFHVDUHJLYHQLQIXOOLQWKH$SSHQGL[
 3)RU WKH ZRUG˚QDO QJ WRNHQV WKH IROORZLQJ FRQVRQDQW ZDV DOPRVW DOZD\V D QRQOLQJXDO REVWUXHQW WRSUHYHQWSRVVLEOHFRQIRXQGVRIDVVLPLODWLRQRUSKUDVHOHYHOUHV\OODEL˚FDWLRQRIWKHZRUG˚QDO> 1@7KHRQO\
exception to this is in the case of one IP-boundary elicitation, where the (ng) token is followed by a non-
lingual sonorant /m/.
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Figure 1: The impact of boundary strength on the sonorant duration of (ng) tokens.
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3.3. Data annotation
7KHUHFRUGLQJVZHUHDOOWUDQVFULEHGRUWKRJUDSKLFDOO\XVLQJ(/$1DQGIRUFHDOLJQHGZLWK
WKH )$9( VXLWH 5RVHQIHOGHU )UXHKZDOG (YDQLQL 	 <XDQ  WR IDFLOLWDWH D PRUH
H˞FLHQWDQDO\VLV)RUFHGDOLJQPHQWLVDPDMRUPHWKRGRORJLFDOLQQRYDWLRQLQFRQWHPSRUDU\
YDULDWLRQLVWOLQJXLVWLFVLQZKLFKDQDXGLR˚OHLVWLPHDOLJQHGDWWKHZRUGDQGSKRQHPH
level with a corresponding orthographic transcription.
$OWKRXJKUHFHQWZRUNKDVSUREHGWKHDELOLW\RIIRUFHGDOLJQPHQWWRDOVRDXWRPDWLFDOO\
code for linguistic variation (e.g., Bailey, 2016a; Yuan & Liberman, 2011), a 
manual method of coding was employed here. Coding of the dependent variable 
was carried out using a combination of auditory analysis and visual inspection of 
WKH VSHFWURJUDP LQ 3UDDW %RHUVPD 	 :HHQLQN  )RU DPELJXRXV WRNHQV ZKHUH
WKH SUHVHQFHDEVHQFH RI > 1@ ZDV QRW FOHDU DSSUR[LPDWHO\  RI WKH HQWLUH VDPSOH
a second round of coding was carried out independently by another phonetically-
trained researcher, and any tokens for which there was disagreement were subject to 
further inspection. These cases were extremely rare, and there is in fact relatively little 
YDULDWLRQ ZLWK UHVSHFW WR WKH SKRQHWLF UHDOL]DWLRQ RI SRVWQDVDO > 1@ ZKLFK LV DOPRVW
DOZD\V UHOHDVHG DQG YHU\ RIWHQ GHYRLFHG LQ SKUDVH˚QDO SRVLWLRQ ,Q OLJKW RI WKLV D
binary coding scheme was used based on the categorical presence/absence of a post-
QDVDO VWRS 3URWRW\SLFDO H[DPSOHV RI D > 1@IXO WRNHQ DQG D > 1@OHVV WRNHQ DUH JLYHQ 
in Figure 2.
$OWKRXJKWKHVWLPXOLZHUHGHVLJQHGWRFRQWUROLQWRQDWLRQDOSKUDVLQJZLWKERXQGDULHV
²¬ LQWHQGHG WR HOLFLW ,3PHGLDO WRNHQV DQG ERXQGDULHV ² ,3˚QDO WRNHQV WKLV ZDV
LQGHSHQGHQWO\ FODUL˚HG WKURXJK LQWRQDWLRQDO DQDO\VLV 3LWFK FRQWRXUV FRQVLVWLQJ RI
64,644 dynamic pitch measurements were extracted, manually corrected, and smoothed 
using the mausmooth Praat script (Cangemi, 2015). The elicited sentences were then 
DQQRWDWHG E\ WKH DXWKRU LQ WKH 7R%, IUDPHZRUN %HFNPDQ +LUVFKEHUJ 	 6KDWWXFN
Hufnagel, 2005) for nuclear accent placement and presence of phrase accent and 
boundary tones, the latter providing a more reliable annotation of intonational phrasing. 
This manual annotation is of paramount importance for tokens where the phonetic cues to 
LQWRQDWLRQDOSKUDVLQJDUHRQO\SDUWLDOO\SUHVHQW7RNHQVRIQJSURGXFHGLQWKH,3PHGLDO
FRQWH[WWKDWDUHIROORZHGE\DSDXVH³DQGFRQYHUVHO\WRNHQVLQWKH,3˚QDOFRQWH[WWKDW
are notare crucial to the analysis and in these cases the manual annotations were 
compared with those of another researcher trained in phonetics to ensure the reliability 
of the coding.
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Figure 2: Example spectrograms and waveforms of song with [ɡ]-absence (left) and thing with 
[ɡ]-presence (right).
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4. Results
7KHUHVXOWVRIWKLVVWXG\ZLOOEHSUHVHQWHGLQWZRFRPSOHPHQWDU\VXEVHFWLRQV7KH˚UVW
part of the analysis draws upon sociolinguistic interview data to provide evidence of 
FKDQJHLQDSSDUHQWWLPH6HFWLRQLQWKHVHFRQGSDUWRIWKLVDQDO\VLV6HFWLRQ
attention turns to the follow-up elicitation task with the goal of probing the precise factors 
that condition this innovation.
$OOORJLVWLFUHJUHVVLRQPRGHOVUHSRUWHGLQWKLVVHFWLRQZHUH˚WXVLQJWKHglmer function 
in the lme45SDFNDJH%DWHV0DHFKOHU%RONHU	:DONHU$OOPRGHOV LQFOXGH
random intercepts of speaker and word.
4.1. Change in apparent time
$OWKRXJKWKHUHKDYHDOUHDG\EHHQUHSRUWVWKDWUDWHVRI> 1@SUHVHQFHDUHLQFUHDVLQJLQD
QXPEHURIFRPPXQLWLHVVXPPDUL]HGHDUOLHULQ6HFWLRQWKHLQWHUDFWLRQEHWZHHQDJH
RUGDWHRIELUWKDQGSKRQRORJLFDOHQYLURQPHQWZLWKUHVSHFWWR> 1@SUHVHQFHKDV\HWWREH
investigated. Figure 3 plots the pre-consonantal and pre-pausal rates of velar nasal plus 
E\GDWHRIELUWKIRUWKLVVDPSOHRIVSHDNHUVIURPWKH1RUWK:HVWRI(QJODQGZKHUH¶SUH
SDXVDO·UHIHUVWRWRNHQVIROORZHGE\DSHULRGRIVLOHQFHODVWLQJDURXQG¬PVRUORQJHU
7KHUHVXOWVLQGLFDWHWKDWWKHLQFUHDVHLQ> 1@SUHVHQFHRYHUWKH\HDUWLPHVSDQFRYHUHG
E\WKLVVDPSOHRIVSHDNHUVLVODUJHO\FRQ˚QHGWRWKHSUHSDXVDOHQYLURQPHQW
,W VKRXOG EH QRWHG WKDW WKHUH DOVR VHHPV WR EH D VOLJKW LQFUHDVH LQ > 1@SUHVHQFH SUH
consonantally, but this trend is much less dramatic and the correlation is not statistically 
VLJQL˚FDQW6SHDUPDQ·Vr
s
¬ ¬p¬ ¬WKHWUHQGLQSUHSDXVDOHQYLURQPHQWVKRZHYHU
LVVWURQJDQGKLJKO\VLJQL˚FDQWr
s
¬ ¬p < 0.001).47KHIDYRXUDEOHHˤHFWRIDIROORZLQJ
SDXVH RQ WKH SUREDELOLW\ RI > 1@SUHVHQFH LV SDUWLFXODUO\ HYLGHQW IRU VSHDNHUV ERUQ DIWHU
1975, many of whom show categorical use of the local form in this particular environment.
7KLVDSSDUHQWGLDFKURQLFFKDQJHDˤHFWLQJSUHSDXVDOYHODUQDVDOSOXV˚QGVVWDWLVWLFDO
VXSSRUW IURP WKH UHVXOWV RI PL[HGHˤHFWV ORJLVWLF UHJUHVVLRQ ZKHUH WKH LQWHUDFWLRQ
EHWZHHQ SKRQRORJLFDO HQYLURQPHQW DQG GDWH RI ELUWK LV VLJQL˚FDQW IRU WKH SUHSDXVDO
WRNHQVEXWGRHVQRWSDVVWKHWKUHVKROGIRUVLJQL˚FDQFHSUHFRQVRQDQWDOO\VHHTable 2). 
)XUWKHUPRUHFRQGXFWLQJDQ$129$FRPSDULVRQEHWZHHQQHVWHGPRGHOVFRQ˚UPV WKDW
 4$OWKRXJKQRWSORWWHGLQ)LJXUHWKHUHLVDOVRQRHYLGHQFHIRUDFKDQJHLQSURJUHVVLQYROYLQJWKHSUHYRFDOLF
environment (r
s
 p 
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Figure 3: Change in apparent time of pre-pausal [ɡ]-presence, based on a sample of 32 speakers. 
Pre-consonantal rates given for comparison. Points relect individual speaker means; lines 
relect linear models it to the two environments with shaded areas representing 95% conidence 
intervals.
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DGGLQJDQLQWHUDFWLRQZLWKGDWHRIELUWKOHDGVWRDVWDWLVWLFDOO\VLJQL˚FDQWGHFUHDVHLQ$,&
(935.31, cf. 958.29; pDQGWKHUHIRUHDEHWWHU˚WWLQJPRGHO
4.2. Elicitation task
$OWKRXJKWKHUHDUHDQXPEHURIEHQH˚WVWRDQDO\]LQJWKHFRQYHUVDWLRQDOGDWDGLVFXVVHGLQWKH
previous section, most notably the fact that this is a naturalistic speech style and therefore 
more representative of the speakers vernaculars, it is not without fault. One particular 
limitation is that a dichotomy between whether or not a token of (ng) is followed by a 
SDXVHDFWXDOO\FRQ˜DWHVDQXPEHURISURVRGLFHQYLURQPHQWVDQGLQWHUDFWLRQDOVLWXDWLRQV
in reality, these pre-pausal tokens may encompass a wide range of contexts, e.g., turn-
˚QDO XWWHUDQFH˚QDO ,3˚QDO HWF ,V WKHUH DQ DEVHQFH RI VHJPHQWDOPDWHULDO IROORZLQJ
the (ng) token because the speaker was interrupted, or was the pause just temporary, 
ZLWKWKHVSHDNHUWKHQUHVXPLQJWKHLUWXUQ"3DXVHVPD\DULVHIRUDQXPEHURIGLˤHUHQW
reasons, whether they be cognitively or interactionally motivated (see Kendall, 2013 for 
an exploration of the factors that condition pause production).
To combat this shortcoming, the second part of this studys analysis focuses on the 
follow-up elicitation task where the exact environments in which (ng) clusters appear 
FDQ EH FDUHIXOO\ FRQWUROOHG XVLQJ UHDGLQJ SDVVDJH VWLPXOL ,Q WKLV ZD\ HˤRUWV FDQ EH
made to disentangle the collinearity between the three factors that on the surface appear 
WREHERRVWLQJ> 1@SUHVHQFHSKRQHWLFGXUDWLRQSURVRGLFERXQGDU\VWUHQJWKDQGSDXVH
presence/duration.
Figure 4 illustrates an interaction between boundary strength and following segment with 
UHVSHFWWRUDWHVRI> 1@SUHVHQFH:KHQWKHQJFOXVWHULVSUHYRFDOLFUDWHVRI> 1@SUHVHQFH
remain high irrespective of the type of boundary; however, in pre-consonantal position the 
variation clearly shows sensitivity to boundary strength in a much more striking manner, 
VXFKWKDWWKHUDWHRI> 1@SUHVHQFHLQWKHZHDNHVWERXQGDU\FRQWH[WLVDVORZDV
The relative lack of variation pre-vocalically is no great surprise, and is likely due to the 
IDFWWKDWWKHUHDUHWZRFRPSHWLQJIRUFHVSURPRWLQJWKHSUHVHQFHRI> 1@LQWKLVHQYLURQPHQW
RQH WKDW IDYRXUV > 1@SUHVHQFHEHIRUH VWURQJHUERXQGDULHVDVZHFDQVHHZLWK WKHSUH
FRQVRQDQWDOWRNHQVEXWDOVRRQHWKDWIDYRXUV> 1@SUHVHQFHLQZHDNHUERXQGDU\FRQWH[WV
FUXFLDOO\WKLVODWWHUHˤHFWLVFRQ˚QHGWRWKHSUHYRFDOLFHQYLURQPHQW,IZHDVVXPHWKDW
variation in (ng) is derived from a coda-targeting deletion rule, and that the promoting 
HˤHFW RI IROORZLQJ YRZHOV RQ WKH SUREDELOLW\ RI > 1@SUHVHQFH VWHPV IURP SKUDVHOHYHO
UHV\OODEL˚FDWLRQRIWKH> 1@LQWRRQVHWSRVLWLRQLWORJLFDOO\IROORZVWKDWWKLVHˤHFWLVPRUH
Table 2: Mixed-effects logistic regression model for the interaction between following segment 
and date of birth; includes random intercepts of speaker and word. [ɡ]-presence as application 
value. Vowel as reference group.
Fixed effects Estimate SE z-value Pr (>|z|)
(Intercept) 1.2142 0.2551 4.760 <0.001***
Following segment
pause 1.1458 0.2800 4.092 <0.001***
consonant –2.8466 0.2382 –11.951 <0.001***
Following segment × Date 
of birth
pause:dob 1.0632 0.2464 4.315 <0.001***
consonant:dob 0.1431 0.1716 0.834 0.404
Date of birth
date of birth (scaled) 0.0738 0.1962 0.376 0.707
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likely when the juncture between the words is weaker.5 Because weaker boundaries 
IDYRXU UHV\OODEL˚FDWLRQ WKH\ FRQVHTXHQWO\ DOVR IDYRXU > 1@SUHVHQFH EXW FUXFLDOO\ WKLV
DSSOLHVRQO\LQSUHYRFDOLFHQYLURQPHQWV7KHVHWZRDQWDJRQLVWLFHˤHFWVFDQFHOHDFKRWKHU
RXWSUHYRFDOLFDOO\ZKHUHUDWHVRI> 1@SUHVHQFHDUHKLJKDFURVVWKHERDUGZKHUHDVLQSUH
FRQVRQDQWDOHQYLURQPHQWVRQO\WKHIRUPHUPRUHJHQHUDOHˤHFWLVSUHVHQW*LYHQWKHQWKDW
(ng) only shows sensitivity to boundary strength in pre-consonantal environments, the 
subsequent analysis will focus on this subset of the data, discarding the pre-vocalic tokens 
that are largely invariable.
In the pre-consonantal environment, we do clearly see a monotonic increase in 
> 1@SUHVHQFHFRUUHODWHGZLWKWKHVWUHQJWKRIWKHIRORZLQJMXQFWXUH+RZHYHUWKHUDWHVRI
> 1@GRQRWLQFUHDVHLQDJUDGXDOPDQQHUSDUDOOHOWRWKHSKRQHWLFDOO\JUDGLHQWUHODWLRQVKLS
between boundary strength and segmental duration; instead, we see a stark contrast 
EHWZHHQ ERXQGDULHV ² DQG ² VXJJHVWLQJ WKDW WKH PHDQLQJIXO FRQWUDVW LV EHWZHHQ
,3PHGLDODQG,3˚QDOSRVLWLRQ+RZHYHU VHQVLWLYLW\ WR ,3ERXQGDULHVDORQHZRXOGQRW
account for the contrasting behaviour of (ng) clusters between boundaries 4 and 5; in the 
IRUPHUXWWHUDQFHPHGLDO,3ERXQGDU\ZHVHH> 1@SUHVHQFHZKHUHDVLQWKHODWWHU
XWWHUDQFH˚QDO,3ERXQGDU\ZH˚QGUDWHVDOPRVWDWFHLOLQJOHYHO
Pause presence/duration provides a possible explanation for this contrast, in addition 
WRVKRZLQJWKHVWURQJHVWFRUUHODWLRQZLWKWKHSUHVHQFHRISRVWQDVDO> 1@7KHXVHRI>Ӕ 1@
is more variable at the utterance-medial IP boundary (i.e., boundary 4) because here the 
prosodic phrasing and, in particular, presence of pause is also variable (cf. the utterance-
˚QDO,3ERXQGDU\ZKLFKLVDOZD\VSUHSDXVDO7KLVLVVKRZQLQFigure 5, which illustrates 
the relationship between pause duration, pre-boundary lengthening, IP position, and the 
realization of (ng).
What is perhaps most interesting to note from Figure 5 is that there is much clearer 
VHSDUDWLRQDORQJWKH[D[LVWKDQDORQJWKH\D[LVZLWKUHVSHFWWR> 1@SUHVHQFH,QRWKHU
words, following pause duration is a much stronger predictor than sonorant duration, 
ZLWKDFXWRˤSRLQWDURXQGࢩ¬PVRQWKH[D[LVZKHUHDQ\SDXVHORQJHUWKDQ
 57KH OLNHOLKRRGRISKUDVHOHYHOUHV\OODEL˚FDWLRQEHLQJWKHVRXUFHRI WKLVSKRQRORJLFDOHQYLURQPHQWHˤHFWLVIXUWKHULQFUHDVHGE\WKHLQGHSHQGHQWREVHUYDWLRQWKDWUHV\OODEL˚FDWLRQDFURVVZRUGERXQGDULHVLVPRUHOLNHO\ZKHQWKHIROORZLQJZRUGWRZKLFKWKH> 1@LVDWWDFKLQJKDVQRQLQLWLDOVWUHVV%HUP~GH]2WHUR	7URXVGDOHSUHFDOOWKDWLQWKLVVWXG\DOOZRUG˚QDOWRNHQVRIQJDUHHOLFLWHGEHIRUHZRUGV
with non-initial stress.
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Figure 4: Rate of [ɡ]-presence by boundary strength and following segment.
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WKLVLVHQRXJKWRUHVXOWLQ> 1@SUHVHQFH5HDVVXULQJO\WKLVLVWKHVDPHYDOXHDVWKHFXWR ˤ
point used to identify pre-pausal tokens in the conversational data, when establishing the 
FKDQJHLQSURJUHVVDVGHVFULEHGLQ6HFWLRQ
7RLQYHVWLJDWHWKHHˤHFWVRISDXVHDQG,3SRVLWLRQLQGHSHQGHQWO\WKHUHQHHGWRH[LVW
tokens of (ng) where the pausal cue to major prosodic boundaries is absent on the surface. 
Figure 5KLJKOLJKWVDQRYHUODSEHWZHHQWKH,3PHGLDODQG,3˚QDOWRNHQVZLWKUHVSHFWWR
the following pause duration, suggesting that this is the case. In total, 65 of 120 tokens 
LQWKH,3˚QDOFRQWH[WVXUIDFHZLWKRXWDSDXVH+RZHYHULWLVHQWLUHO\SRVVLEOHWKDWWKH
intonational phrasing this stimuli intended to elicit was not actually produced, and these 
FDVHVRI,3˚QDOWRNHQVZLWKRXWSDXVHDUHLQIDFWPHGLDO LQWKH,37RFRPEDWWKLVZH
QHHGLQGHSHQGHQWHYLGHQFHVSHFL˚FDOO\EDVHGRQWKHSLWFKFRQWRXURIWKHSUHVHQFHRI,3
boundaries. Intonational analysis, combining visual inspection of the pitch contours with 
manual ToBI annotation, reveals that none of these 65 tokens show convincing evidence 
of a prosodic boundary after the (ng) word.
+RZHYHUWKHDELOLW\WRWHDVHDSDUWWKHVHWZRFROOLQHDUHˤHFWVGRHVQRWUHVWVROHO\RQWKH
presence of such tokens, where IP boundaries are not marked by pause. If there are cases 
of IP-medial tokens that DUHIROORZHGE\SDXVHDQGFUXFLDOO\H[KLELW> 1@SUHVHQFHWKLV
would provide strong evidence that the variation is conditioned most strongly by pause 
DVDSSRVHGWRWKHSUHVHQFHRIDSURVRGLFERXQGDU\7ZHQW\˚YHRIWKHWRNHQVࢩ
elicited in the IP-medial context are produced in such a way. Based on the intonational 
DQDO\VLVRIWKHVHDUHJHQXLQHO\LQ,3PHGLDOSRVLWLRQZLWKQRHYLGHQFHRI
pitch reset or boundary tone, i.e., there is a brief juncture before resumption of the same 
SLWFKPRYHPHQW$QH[DPSOHRIWKLVLVJLYHQLQFigure 6a. It is also important to note that 
LQWKLVH[DPSOHWKHKLDWXVLQWKHSLWFKFRQWRXUGRHVQRWUH˜HFWGHYRLFLQJRIWKH 1E
sequence in 6SULQJEHJDQ but rather a genuine period of silence, as shown in the waveform 
DQGVSHFWURJUDP$FRXQWHUH[DPSOHLVSUHVHQWHGDORQJVLGHWKLVLQFigure 6b, where the 
pause is clearly a phonetic cue to an IP boundary tonally marked with a fall-rise phrase 
DFFHQWDQGERXQGDU\WRQHFRPELQDWLRQ&UXFLDOO\SRVWQDVDO> 1@LVSUHVHQWLQDOORIWKHVH
¬JHQXLQHFDVHVZKHUHQJRFFXUVEHIRUHDQ,3PHGLDOSDXVH
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Figure 5: The relationship between sonorant duration, following pause duration, and [ɡ]-presence 
for pre-consonantal (ng) tokens. Tokens with no period of silence before the following word 
are excluded. Ellipses represent 95% conidence intervals for tokens with and without surface 
[ɡ]-presence.
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0L[HGHˤHFWVORJLVWLFUHJUHVVLRQOHQGVIXUWKHUVXSSRUWWRWKHLGHDWKDWWKHSUHVHQFHDQG
duration of pause is the primary conditioning factor of (ng). Three individual models were 
LQLWLDOO\˚WLQFOXGLQJDPDLQSUHGLFWRURIHLWKHUVRQRUDQWGXUDWLRQ,3SRVLWLRQ
(based on what was actually produced, rather than what was intended by the stimulus), 
or (3) following pause duration, in addition to random intercepts of speaker and word. 
7KHVHPRGHOVZHUHFRPSDUHGIRU¶JRRGQHVVRI˚W·EDVHGRQWKHLU$,&YDOXHVWRGHWHUPLQH
which predictor explains most of the variation in (ng), where lower values correspond to a 
better model. These comparisons, summarized in Table 3, indicate that sonorant duration 
H[SODLQVWKHOHDVWDPRXQWRIYDULDWLRQ$,&DQGWKDW,3SRVLWLRQIDUHVDOLWWOHEHWWHU
(359). Pause duration (273) is by far the strongest predictor.
0RGHOVZHUHWKHQ˚ WZLWKDFRPELQDWLRQRIWKHVHSUHGLFWRUVWRLQYHVWLJDWHWKHSRVVLELOLW\
RIDGGLWLYHHˤHFWVZKLFKFRXOGEHWKHFDVHLIQJLVFRQGLWLRQHGE\PXOWLSOHSKRQHWLF
FXHVWRERXQGDU\VWUHQJWK$129$FRPSDULVRQVEHWZHHQQHVWHGPRGHOVZHUHFRQGXFWHG
to quantify whether or not the increase in the amount of variation explained by these 
DGGLWLRQDOSUHGLFWRUVRˤVHWVWKHFRVWRIDPRUHFRPSOH[PRGHO,QGRLQJWKLVLWEHFDPH
apparent that the strong predictive power of pause duration does not mean that the other 
collinear variables play no role; adding IP position to a model with pause duration leads 
WRDGHFUHDVHLQ$,&WKDWDOWKRXJKVPDOOLVVWDWLVWLFDOO\VLJQL˚FDQWFI
p¬  ¬  7KH IDFW WKDW ,3 SRVLWLRQ H[SODLQV D VLJQL˚FDQW SRUWLRQ RI WKH UHPDLQLQJ
variation suggests that (ng) is not only sensitive to pause but also to the prosodic phrasing. 
7KDWLVDOWKRXJKWKHSUREDELOLW\RI> 1@SUHVHQFHLVPRVWVWURQJO\LQ˜XHQFHGE\SDXVHLWLV
DOVRERRVWHGZKHQ˚QDOLQDQLQWRQDWLRQDOSKUDVH7KLVEHVW˚WWLQJPRGHOLVJLYHQLQIXOO
in Table 4.
Figure 6: Pitch contours and ToBI annotation for two pre-pausal tokens in the IP-medial context: 
one genuinely IP-medial in (a) and one produced with phrase-inal intonation in (b).
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5. Discussion
,ZRXOGQRZ OLNH WR DGGUHVV WZR VHSDUDWH DVSHFWV RI WKH YDULDWLRQGLVFXVVHGKHUH WKH
mechanisms of this innovation in velar nasal plus, and the implications this has for 
our understanding of how external sandhi processes are conditioned in pre-boundary 
environments, and also the possible motivations driving this change.
5.1. Mechanisms of innovation
Having successfully disentangled the collinearity between what on the surface appeared 
WREHHˤHFWVRIQDVDOGXUDWLRQZLWKLQFUHDVLQJ> 1@SUHVHQFHDIWHUORQJHUQDVDOVSURVRGLF
SRVLWLRQZLWKPRUH> 1@SUHVHQFH,3˚QDOO\DQGIROORZLQJSDXVHZLWKKLJKHUUDWHVRI
> 1@SUHVHQFHSUHSDXVDOO\WKHUHVXOWVLQGLFDWHWKDWWKLVLQQRYDWLRQLQQJLVFRQGLWLRQHG
most strongly by the presence/duration of a following pause. This would of course suggest 
WKDWWKHDSSDUHQWUHODWLRQVKLSEHWZHHQSRVWQDVDO> 1@SUHVHQFHDQGVRQRUDQWGXUDWLRQLV
indirect and stems only from the fact that segmental duration is increased pre-pausally. 
There is limited evidence to suggest that (ng) is also directly sensitive to prosodic 
boundary strength; IP position explains a small amount of variation independently of 
SDXVHEXWFRPSDULVRQVEHWZHHQWKHVHWZRSUHGLFWRUVVXJJHVWVWKDWWKLVHˤHFWLVPXFK
smaller in magnitude.
The important role of pause is perhaps best visualized abstractly, as in Figure 7. There is 
QDWXUDOO\DJUHDWGHDORIRYHUODSEHWZHHQSUHSDXVDOWRNHQVDQG,3˚QDOWRNHQVJLYHQWKDW
the presence of a following pause is one of the major phonetic cues to prosodic boundaries; 
WKHVHWRNHQVWKDWDUHERWK,3˚QDODQGSUHSDXVDOH[KLELWSRVWQDVDO> 1@DOPRVWZLWKRXW
fail. The non-overlapping portion of Figure 7UH˜HFWVWKHH[LVWHQFHRIWRNHQVWKDWDUHSUH
SDXVDOEXWDFWXDOO\PHGLDOLQWKH,3WKHIDFWWKDWLQWKHVHFDVHV> 1@LVVWLOOHYHUSUHVHQW
SURYLGHVVWURQJHYLGHQFHWRVXJJHVWWKDWRQO\SDXVHLVQHFHVVDU\IRU> 1@WRVXUIDFHLQWKHVH
environments, regardless of the prosodic structure.
Table 3: AIC comparison between models, all of which include random intercepts of speaker 
and word. All additions to the base models lead to signiicant increases in model it by ANOVA 
comparison (p < 0.001), with the exception of the model containing pause and sonorant duration 
(p = 0.07).
Sole 
predictor
With sonorant 
duration
With pause 
duration
Sonorant duration
(continuous; scaled)
562.30 NA 271.72
Position in IP
(medial vs. inal)
358.80 348.50 267.44
Pause duration
(continuous; log-transformed)
272.70 271.72 NA
Table 4: Best-itting logistic regression model; [ɡ]-presence as application value, with random 
intercepts of speaker and word.
Fixed effects Estimate SE z-value Pr (>|z|)
(Intercept) –10.5752 1.7062 –6.198 <0.001***
IP position 
inal
1.8094 0.6845 2.644 0.008**
Pause duration 
(log-transformed)
1.9990 0.3574 5.593 <0.001***
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That this innovation seems to be conditioned most strongly by the presence/absence 
of pause, rather than by segmental duration or prosodic boundary strength, is rather 
interesting in light of previous studies that have also attempted to tease apart these factors 
IRURWKHUH[WHUQDO VDQGKLSURFHVVHVHJVGHEXFFDOL]DWLRQ LQ6SDQLVK.DLVVH 
VKRZVKRZLQWKH%XHQRV$LUHVYDULHW\RI$UJHQWLQLDQ6SDQLVKZRUG˚QDOFRGDVGRHV
QRWZHDNHQWR>K@ZKHQWKHIROORZLQJVHJPHQWLV¶WHPSRUDOO\GLVWDQW·LHVLVVDYHG
from weakening when in pre-pausal position. Much like the argument presented here 
for (ng) variation, Kaisse claims that this blocking of debuccalization is triggered on the 
temporal domain, and is independent of prosodic position; this claim is based on the 
IDFWWKDW,3˚QDOWRNHQVLQIDVWVSHHFKZKHUHWKHVSHDNHUGRHVQRWSDXVHVWLOOXQGHUJR
weakening, and that IP-medial tokens where the speaker pauses before resuming with 
the same intonational contour do not undergo weakening. Comparisons are also drawn 
ZLWK˚QDOUGHYRLFLQJLQ7XUNLVKZKLFKVKRZVVLPLODUEHKDYLRXULQWKDWGHYRLFLQJRQO\
RFFXUV,3˚QDOO\LIWKH,3ERXQGDU\LVPDUNHGE\DSDXVH.DLVVH
More recently, it has been shown that other processes exhibit rather more complex 
behaviour in pre-boundary environments. Kilbourn-Ceron (2017) investigates the 
conditioning of high vowel devoicing (HVD) in Japanese and addresses the same 
collinearity issue highlighted in this paper; the results indicate that all three boundary 
phenomena play a joint role in conditioning HVD, with an interaction between prosodic 
position and pause presence such that pauses inhibit HVD phrase-medially but promote it 
SKUDVH˚QDOO\7KHVHUHVXOWVSDLQWDPXFKPRUHFRPSOH[SLFWXUHUHODWLYHWRHDUOLHUFODLPV
WKDWVXJJHVWWKHSUHERXQGDU\HˤHFWLVWULJJHUHGLQXWWHUDQFH˚QDOSRVLWLRQ.RQGR
1RRWKHUSXWDWLYHSUHSDXVDOHˤHFWVKDYHWRWKLVDXWKRU·VNQRZOHGJHEHHQLQYHVWLJDWHG
from this perspective; however, this interplay between prosody, pause, and segmental 
GXUDWLRQGRHVUDLVHTXHVWLRQVDERXWWKHQDWXUHRIVLPLODUHˤHFWVWKDWKDYHEHHQUHSRUWHG
IRURWKHUH[WHUQDOVDQGKLSURFHVVHVPRVWQRWDEO\WGGHOHWLRQDVGLVFXVVHGLQ6HFWLRQ
2.2), which could form a fruitful avenue of further research.
5.2. Motivations of innovation
While the quantitative analysis discussed in this paper has made it possible to determine 
WKHPHFKDQLVPVRIWKLVLQQRYDWLRQWKHPRWLYDWLRQVEHKLQGSUHSDXVDO> 1@SUHVHQFHKDYH
thus far been neglected.
Figure 7: Visualization of the distribution of pauses and IP boundaries in this study’s dataset, and 
the effect they have upon [ɡ]-presence.
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This relatively recent pre-pausal innovation could have been triggered by language-
LQWHUQDO IDFWRUV VSHFL˚FDOO\ E\ WKH YHU\QDWXUH RI KRZ V\QFKURQLF ¶IROORZLQJ VHJPHQW
HˤHFWV·DUHVWRUHGDQGSURFHVVHGLQVSHDNHUV·JUDPPDUV$VGLVFXVVHGLQ6HFWLRQWKH
HˤHFWRI IROORZLQJFRQVRQDQWV LQSURPRWLQJWGGHOHWLRQDQGRI IROORZLQJYRZHOV LQ
inhibiting it, has been analyzed under the Obligatory Contour Principle (Guy, 1980); 
WKHVDPHIUDPHZRUNFDQDSSO\KHUHZLWKQJYDULDWLRQ8QGHUWKLVDQDO\VLVWKHHˤHFW
stems from the avoidance of similar adjacent segments, with following consonants sharing 
PRUHIHDWXUHVZLWKWKHSRVWQDVDO> 1@WKDQIROORZLQJYRZHOV7KLVDOVRDFFRXQWVIRUWKH
LQWHUPHGLDWHHˤHFWRIIROORZLQJOLTXLGVRQWGGHOHWLRQZKLFKVKDUHPRUHIHDWXUHVZLWK
the preceding /t,d/ than a following vowel but fewer than a following consonant. Crucially, 
SDXVHVE\WKHLUYHU\QDWXUHGRQRW˚ WLQWRWKLVW\SRORJ\DQGFRXOGWKHUHIRUHEHOHIWRSHQWR
LQWHUSUHWDWLRQZLWKUHVSHFWWRWKHLUHˤHFWRQSUREDELOLVWLFH[WHUQDOVDQGKLSURFHVVHVVXFK
as these. The possible consequences of this instability could be registered synchronically 
WKURXJKLQWHUGLDOHFWDOGLˤHUHQFHVHJKRZWKHEHKDYLRXURISUHSDXVDOWGGHOHWLRQ
GLˤHUVEHWZHHQVSHHFKFRPPXQLWLHVEXWDOVRGLDFKURQLFDOO\DVUHSRUWHGKHUHIRUQJLQ
6HFWLRQZLWKFKDQJHVLQSUHSDXVDOEHKDYLRXURYHUVXFFHVVLYHJHQHUDWLRQVRIVSHDNHUV
:H FDQ DOVR WXUQ WR DQ HQWLUHO\ GLˤHUHQW SURFHVV RI YRLFHOHVV VWRS HMHFWLYL]DWLRQ LQ
search for possible explanations. Ejectivization of the English voiceless plosive set /p, t, k/ 
KDVEHHQDWWHVWHGE\PDQ\VFKRODUV)DEULFLXV*RUGHHYD	6FREELH2JGHQ
2009) and has been said to be increasing over time for /k/, for which it is most frequent 
20F&DUWK\	6WXDUW6PLWK,QWKHVDPHSDSHU20F&DUWK\DQG6WXDUW6PLWK
H[SORUHWKHIDFWRUVFRQGLWLRQLQJNHMHFWLYL]DWLRQLQVSHDNHUVRI*ODVJRZ(QJOLVKDQG˚ QG
WKDWLWLVIDYRXUHGQRWRQO\SKUDVH˚QDOO\EXWDOVRZKHQSUHFHGHGE\DQDVDOFRQVRQDQW
That is, the words most susceptible to ejectivization are VLQNUDQNKXQN etc.; these phrase-
˚QDOӔNFOXVWHUVWKDWDUHIUHTXHQWO\HMHFWLYL]HGDUHHVVHQWLDOO\WKHYRLFHOHVVFRXQWHUSDUWV
WR WKH QJ FOXVWHUV WKDW VR IUHTXHQWO\ H[KLELW SRVWQDVDO VWRS SUHVHQFH LQ SKUDVH˚QDO
position, e.g., VLQJUDQJKXQJ. These conditioning factors would need to be independently 
DWWHVWHG LQ WKH1RUWK:HVW RI (QJODQG EXW DVVXPLQJ HMHFWLYL]DWLRQ VKRZV FRPSDUDEOH
behaviour for the speakers recorded here, these two processes could conceivably be seen 
DVSDUWRIWKHVDPHZLGHUSKHQRPHQRQDERXQGDU\PDUNLQJ¶YHODUIRUWLWLRQUXOH·ZLWK
SDUDOOHOFKDQJHVLQYROYHGLQVWUHQJWKHQLQJYRLFHOHVVYHODUQDVDOVWRSFOXVWHUVWKURXJK
HMHFWLYL]DWLRQDQGYRLFHGYHODUQDVDOVWRSFOXVWHUVWKURXJKSUHVHQFHRI> 1@
This innovation could also be driven by external factors; that is, it could be socially-
PRWLYDWHG8WWHUDQFHSKUDVH˚QDOSRVLWLRQLVKLJKO\VDOLHQW6 and as such we may expect 
WKHLQ˜XHQFHRIVRFLDOHYDOXDWLRQWREHUHJLVWHUHGPRVWVWURQJO\LQWKLVHQYLURQPHQW7KLV
H[SODQDWLRQSUHVXSSRVHVWZRWKLQJVKRZHYHUWKDWQJYDULDWLRQLVVX˞FLHQWO\DERYHWKH
level of awareness such that it is subject to social evaluation, and if so, that the presence 
RI> 1@FDUULHVORFDOSUHVWLJHLQWKHVHQRUWKZHVWHUQFRPPXQLWLHV,IWKLVLVLQGHHGWKHFDVH
SHUKDSV WKLVGLDFKURQLFFKDQJH LQSURGXFWLRQZLWK LQFUHDVLQJ UDWHVRI > 1@SUHVHQFH LQ
KLJKO\ VDOLHQW SUHSDXVDO DQG SKUDVH˚QDO HQYLURQPHQWV DFWXDOO\ UH˜HFWV D SHUFHSWXDO
shift within these communities. Younger speakers may well be attaching local prestige to 
WKLVSRVWQDVDO> 1@DQGDFWLYHO\XVLQJWKLVYHUQDFXODUIHDWXUHWRSURMHFWDQRUWKHUQLGHQWLW\
and align themselves with this dialect region (similar to the use of centralized diphthongs 
by Marthas Vineyard residents in Labov, 1963, or the realization of (?)?(%ഝ vowels as 
>Ԩ%?@E\VSHDNHUVRI7\QHVLGH(QJOLVKLQ:DWW7KHU VXOWVIURP1HZEURRN·V
SHUFHSWLRQ WDVN GLVFXVVHG EULH˜\ LQ 6HFWLRQ  SRWHQWLDOO\ UH˜HFW VXFK D FKDQJH LQ
 6)RUSV\FKROLQJXLVWLFHYLGHQFHRIWKHVDOLHQFHRIXWWHUDQFH˚QDOSRVLWLRQVHH6XQGDUD'HPXWKDQG.XKOYLVXDO˚[DWLRQWDVNDQG'XEH.XQJ3HWHU%URFNDQG'HPXWK((*H[SHULPHQW
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evaluation. However, a more recent matched-guise experiment reveals the absence of a 
FRPPXQLW\ZLGHQRUPZLWKUHVSHFWWRWKHHYDOXDWLRQRI> 1@SUHVHQFHVXJJHVWLQJWKDWWKLV
is not a case of evaluation-driven change (Bailey, to appear).
6. Conclusion
The goal of this study was to investigate the mechanisms of a recent innovation in post-
QDVDO> 1@SUHVHQFHDQGLQGRLQJVRH[SORUHWKHFROOLQHDUUHODWLRQVKLSEHWZHHQSURVRGLF
boundary strength, pause, and segmental duration in conditioning external sandhi 
SURFHVVHV,QWHDVLQJDSDUWWKHVHWKUHHIDFWRUVDOORIZKLFKRQWKHVXUIDFHDSSHDUWRDˤHFW
WKHSUREDELOLW\RI> 1@SUHVHQFHWKLVVWXG\KDVVKRZQWKDWWKHLUUHODWLYHFRQWULEXWLRQVLQ
conditioning (ng) variation are far from equal. The presence and duration of a following 
SDXVH SURYLGHV WKH VWURQJHVW H[SODQDWLRQ RI SUREDELOLVWLF > 1@SUHVHQFH WKH DGGLWLYH
HˤHFW RI ,3 SRVLWLRQ RYHUODLG RQ WKLV LV PXFK ZHDNHU GHVSLWH WKHRUHWLFDO IUDPHZRUNV
that foreground the importance of prosodic categories in conditioning external sandhi 
HJ 1HVSRU 	 9RJHO  7KH DSSDUHQW UHODWLRQVKLS EHWZHHQ VHJPHQWDO GXUDWLRQ
DQGQJYDULDWLRQVXFKWKDW> 1@SUHVHQFHLVPRUHOLNHO\DIWHUORQJHUQDVDOVDULVHVRQO\
because duration is itself correlated with prosodic boundary strength and pause through 
the process of pre-boundary lengthening. That is, these results suggest that (ng) shows no 
direct sensitivity to segmental duration.
The results of this study add to a growing body of knowledge about how probabilistic 
lenition processes behave in pre-boundary position, and in doing so raise questions 
UHJDUGLQJWKHQDWXUHRIVLPLODUHˤHFWVWKDWKDYHSUHYLRXVO\EHHQDWWULEXWHGWRRQHRIWKHVH
collinear factors without due consideration of the others.
The process that gives rise to (ng) variation, whether that be a synchronic deletion or 
insertion rule, bears a striking resemblance to /t,d/-deletion in a number of ways, most 
QRWDEO\WKHVWURQJHˤHFWRIIROORZLQJVHJPHQWZKLFKVHHVWKHZRUG˚QDOFRQVRQDQWFOXVWHU
licensed pre-vocalically but not pre-consonantally; however, where /t,d/-deletion shows 
LQWHUGLDOHFWDOYDULDWLRQZLWKUHVSHFWWRLWVEHKDYLRXUSUHSDXVDOO\>Ӕ 1@FOXVWHUVLQVWHDG
show inter-generational variation, with younger speakers reanalyzing this pre-pausal 
HQYLURQPHQWDVRQHWKDWIDYRXUVXVHRIWKHORFDOIRUPZLWK> 1@SUHVHQFH
This shibboleth of north western dialects, the variable presence of a feature that has been 
lost in almost all other varieties of English spoken throughout the British Isles, is yet another 
example of the oft-discussed linguistic conservatism of the north of England. However, 
in light of the results reported here, this feature is clearly less stable than previously 
thought; although this variation in (ng) began some time in the Early Modern English 
period, it still exhibits interesting behaviour today, and even appears to be undergoing 
D UHYLWDOL]DWLRQ LQ WKLV FRPPXQLW\ )DUPRUH WKDQDPHUH UHOLFRI WUDGLWLRQDOQRUWKHUQ
GLDOHFWVWKLVYDULDWLRQLQQJFOXVWHUVRˤHUVYDOXDEOHLQVLJKWLQWRWKHGLDFKURQLFWUDMHFWRU\
of phonological processes (Bermúdez-Otero & Trousdale, 2012) and, as revealed in this 
study, how external sandhi processes are conditioned in pre-boundary environments.
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